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Left ventricular muscle mass is increased in the presence of
large body sine, high blood pressure and obesity, but the
relative contributions to ventricular mass of these and other
factors have not been elucidated . Accordingly, echocardio-
graphic left ventricular mass In unmedkXed employed
adults (162 normotensive, 145 borderline hypertension and
317 with established essential hypertension) was related to
height, weight, ham body mass, body mass index, systolic
and diastolic blood pressure, age, gender, race and 24 Is
urinary sodium and potassium excretion . In the total
population, body class index, systolic blood pressure and
height were the most significant (p < 0 .0001) independent
correlates of left ventricular mass, whereas gender and age
made smaller contributions .
In each nosvnoteasive and hypertensive subgroup, body
mass Index and height remained highly significant indepen .
Electrocardiographic (ECG) left ventricular hypertrophy has
been documented to be a cardiac risk factor in hypertensive
patients and within the general population (1-3). Recent data
suggest that echocardiographic measurement of left ventric-
ular mass is a strong predictor of morbidity both among
patients with uncomplicated arterial hypertension and in a
general population sample
(4,5), and identifies a much higher
proportion of patients as being in the high risk group with left
ventricular hypertrophy than is detected by ECG criteria
(j,-
8). Previous studies (9-15) have reported male gender, body
size, arterial blood pressure and obesity to be positively
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dent predictors of left ventricular mass, systolic blood
pressure became a weaker predictor (0 .001 < p < 0.02) and
only among patients with established hypertension was
diastolic blood pressure a weak Independent determinant (p
< 0 .05) of ventricular mass. The Increase In left ventricular
mass attributable to obesity was due to eccentric hypertro-
phy because end-diastolic relative wall thickness was slmb
tar in obese and Osnobese subjects in each blood pressure
group .
Thus obesity, as measured by body man Index, Is as
Important a potential desteraninsultorleft ventricular muscle
mass as Is systolic blood pressure and It is of greater
statisHeat significance in an adult employed
population
than
is diastolic blood pressure, height, gender, age or dietary
sodium intake.
(J Am Coll Cardiol 1988;I2
.9d-1004)
correlated with left ventricular mass . Recent observations
(16,17) have suggested that dietary sodium may also be
closely related to cardiac findings in hypertensive patients .
However, knowledge of the relative strength of the con-
tribution of these factors to the magnitude of left ventricular
mass in adults remains limited because studies have been
performed in clinical series and population samples of widely
varying characteristics and because only one previous anal-
ysis (18) has considered the association of more than a few
variables with echocardiographically detected left ventricu-
lar hypertrophy . Therefore, the present study was under-
taken to examine the relations of echocardiographically
determined left ventricular muscle mass to demographic and
body habitus variables, blood pressure and 24 h urinary
sodium and potassium excretion in normotensive subjects
and patients with uncomplicated hypertension drawn from
an adult employed population.
Methods
Subjects. Data for this study were obtained from 624
subjects
: 162 normotensive subjects and 462 patients with
JACC Vol . 12 . Nu. 4
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arterial hypertension, of whom 145 had borderline hyperten-
sion and 317 had sustained hypertension according to World
Health Organization criteria (19) . These subjects are mem-
bers of a well defined working population comprising mem-
bers of eight labor unions in New York City . Selection of
subjects from the larger employed population and the prev-
alence of left ventricular hypertrophy by various echocar-
diographic criteria in these subjects have been previously
reported (20); all subjects gave informed consent under a
protocol approved in 1979 and at regular intervals thereafter
by the Committee on Human Rights in Research of Cornell
University Medical College. All hypertensive patients were
untreated for a period ranging from a minimum of 3 weeks to
as long as 5 years before echocardiography ; 32% had never
been treated . No significant difference in any of the studied
variables, or relations between left ventricular mass and
other variables, existed between previously treated and
never treated patients .
Each subject underwent echocardiography by methods to
be described and collected urine for a 24 h period for
determination of sodium and potassium excretion during the
day before echocardiography. Arterial blood pressure was
measured with use of the first and fifth phases of the
Korotkoff sounds by mercury manometer under standard-
ized conditions with subjects at rest in a supine position at
the end ofechocardiographic examination . Height in meters
and body weight in kilograms were recorded at the time of
echocardiography . Body mass index was calculated as
weight in kg/(height in m)2 as an index of obesity . Subjects
were subclassified into obese and nonobese groups using
partition values for body mass index (?27 .8 kglm 2 for men
and >_27 .3 for women), representing the 85th percentile
of
values among noninstitutionalized nonpregnant young adults
in the National Health and Nutrition Evaluation Survey 11
(21). These partition values are 121 and 122% of 1983
Metropolitan Life Insurance Company ideal body weight for
men and women, respectively (22)
.
Echocardiographle methods. M-mode echocardiography
was performed with the patient in the partial left decubitus
position with use of 13 mm 2
.25 mHz transducers and
commercially available echographs on light-sensitive paper
at 50 mails. Echocardiographic recordings were coded and
read blindly and in random order by two investigators who
had no knowledge of the subject's blood pressure or other
clinical data, including their classification as normotensive
Or hypertensive . Only tracings that demonstrated optimal
visualization of left ventricular interfaces were used, a
requirement that resulted in exclusion of 19 .6% of potential
subjects . Left ventricular measurements were made as pre-
viously described from this laboratory (23) according to the
recommendations of the American Society of Echocardiog-
raphy (24) and Penn convention (25).
Penn convention measurements were used in an anatom-
ically validated formula to calculate left ventricular mass
99
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(25,26). Primary analyses were performed using unindexed
left ventricular mass, but left ventricular mass was also
expressed as a ratio with body surface area, body weight,
height (11) and estimated lean body mass calculated from 24
h urinary creatinine excretion (27). Relative wall thickness at
end-diastole was calculated as the ratio of twice the posterior
left ventricular wall thickness to left ventricular internal
dimension (28).
To assess
hemodynamic factors by which arterial blood
pressure and body build might affect the left ventricle. left
ventricular internal dimensions at end-diastole and end-
systole were used to calculate ventricular end-diastolic and
end-systolic volumes by the cube function formula (29) from
which stroke volume, cardiac output and total peripheral
resistance were derived by standard formulas (30) . Becaase
depressed myocardial contractility, postulated to occur in
hypertensive patients with obesity (31), might necessitate a
greater left ventricular mass to bear a given bemodynamic
load, an indirect index of myocardial contractility was
calculated from eehocardiogrphic and blood pressure data .
This index, the relation between observed left ventricular
fractional shortening and that expected in normal subjects
with a given level of end-systolic left ventricular wall stress,
was shown by Borow et al . (32) to be sensitive to induced
changes in isotropic state. End-systolic meridional left
ventricular wall stress was calculated by a catheteri-
zation-validated method (33). Each subject's fractional
shorte.-.ing was expressed as a percent of the mean value
predicted for that subject's observed level of end-systolic
meridional wall stress with use of the regression relation
derived from 87 normal subjects previously studied in this
laboratory (34) .
Statistical methods. Univariate analysis . To test the Off-
ference between obese and nonobese subgroups of the entire
study population and of the subjects grouped according to
blood pressure as normotensive, borderline hypertensive or
sustained hypertensive, the Student's t test was used when
the variables had a normal distribution, and the Mann-
Whitney U test was used for variables that had skewed
distributions . Pearson's correlation coefficients were ob'
tained for relations between left ventricular mass and other
variables .
Multivariate analysis . Clinical and demographic variables
that exhibited significant univariate correlations to left ven-
tricular mass were evaluated by stepwise multiple regression
with left ventricular mass. Variables assessed in this analysis
were age, gender, race, body mass index, height, weight,
systolic and diastolic blood pressure and 24 h urinary sodium
excretion . The purpose of this analysis was to elucidate the
relative importance of the different variables as predictors
and potentially as determinants of left ventricular muscle
mass.
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Table I . Clinical and Demographic Findings in Obese and Nonobese Subjects In = 624)
Results
Clinical and demographic findings (Table 1) . No differ-
ence in age existed between obese and nonobese subjects in
any blood pressure group, but obese hypertensive patients
were disproportionately women . Separate comparison of
obese and nonobese men and women in each blood pressure
group revealed similar patterns of findings to the overall
results and, accordingly, are not presented in detail . Obese
leormotensive subjects and patients with borderline hyper-
tension were shorter than their nonobese counterparts,
whereas obese individuals weighed more and had a larger
body surface areas than did nonobese subjects in each blood
pressure group . Lean body mass was significantly greater
among obese than among nonobese patients with sustained
hypertension, and was also slightly greater among obese than
among nonobese men and women in the other blood pressure
groups
. Twenty-four hour urinary sodium and potassium
excretion was similar in obese and nonobese subjects .
Echocardiographic findings (Table 2) . Left ventricular
internal dimension was slightly larger in obese than in
Table 2. Echocardiographic Measurements in Obese and Nonobese Subjects
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Data are expressed as mean ± SD. Statistical significance : obese versus lean ='p < 0 .01; in < 0.0001 ; Ip < 0.0005 ; 4p < 0
.001
;
Ilp
< 0
.105
;10 < 0 .05.
nonobese subjects in each blood pressure group, although
this difference attained statistical significance only in pa-
tients with borderline and sustained hypertension . Septal
and posterior wall thicknesses were greater in obese normo-
tensive subjects, but no difference existed between obese
and nonobese hypertensive subjects in left ventricular wall
thicknesses or relative wall thickness . Left ventricular mass
was larger in obese than in nonobese subjects in each blood
pressure group, a difference that attained statistical signifi-
cance among normotensive women, men with borderline
hypertension and men and women with sustained hyperten-
sion . indexation of left ventricular mass by body surface
area or lean body mass eliminated the consistent trend for
nonindexed left ventricular mass to be greater in obese than
in nonobese subjects in each blood pressure group, whereas
left ventricular mass/height was consistently higher and left
ventricular masslbody weight was consistently lower in
obese subjects.
Hemodynamirs and left ventricular performance (Table 3) .
The obese subjects had similar systolic and diastolic arterial
Statistical significance : obese versus lean ='p
< 0.01
: tp < 0
.05; jp < O.m5 . IVS4 = end-diastolic intervenlricular sepia] thickness; LV = left ventricular ;
LVIDa = end-diasialic left ventricular internal dimension ; PWT, = end-diastolic posterior wall thickness : RWT,
= end-diasmlic left ventricular relative wall
thickness.
Patients With Hypertension (n = 462)
Normolensive Subjects In = 162) Borderline sustained
Lean In = 1241 Obese (n = 38) Lean in = 79) Obese In = 66) Lean (n = 187) Obese In = 130)
Age lyrl 44 ± 13
43 ± 12 53 ± 11 51±9 54110 52±9
Percem men
56 39 77 485 75 62'
Height (.1
1.73 ± 0 .10
1
.65 ± 0 .10' 1 .70 ± 0 .11 1.68 ±0 .09 11 1 .70±0.08 1 .70±0 .10
Weight lkgl
69 ± 12
85 ± 1St 72 ± 10 88±137 73±9 89*_ 131
Body surface aeon (m
) 1
.79 ± 0.20 1 .94 ± 0 .21# 1 .84 ± 0.17 1.93 ± 0 .209 1 .84 ± 0.16 2.00 ± 0. lot
Lean body mass lkg)
49.8 ± 15.6 50.4 ± 18.3 51.6 ± 16 .2 47 .7 49 .8±15.9 54.4±20.3'
24 h urinary sodium (mEq) 118 ± 51 131 ± 58 108 ± 66 109 ± 37 113 ± 65 126 x 67
24 h urinary potassium (nEq) 46 ± 21 45 ± 19 56 ± 27 52±25 57±10 55±24
Patients with Hypertension (n = 624)
Normolensive Subjects In =
162) Borderline
Sustained
Lean (n = 124)
0beso In =
38)
Lean In
= 79)
Obese In = 661 Lean In = 187) Obese In
= 130)
IVSa le.) 0.9±0.2 1 .0±0
.2'
1 .1±0
.2
1 .1±0
.2 1 .1±0.2 1.1±0 .2
LVID
c
)cm) 4.8±0
.5
4 .9±0
.5 4.9±e5 5.1±0 .61 4.9±0 .5 5 .1±0.64
PWTu (cm)
0.8±0.2
0
.9102'
0
.9±0 .2 0.9±0 .2 1 .0±0.2 L(1<0.2
RWra 0.35 ± 0.08 0 .36 ± 0
.06
0.39 ± 0
.09
0.37 ± 0.08
0.40 ± 0.08 0.40 ± 0.09
LV mas, lgl 150 ± 48 168 ± 57 182
52
198 ± 56 199 ± 63 222 ± 79'
LV mass index(glme) 83 ± 22 86 ± 26 99 ± 27
100 ± 24 107 ± 30 110 ± 34
LV massdbody weigh(glkg) 2 .18 0.54
1
.97 ± 0
.561 2
.54 ± 0
.71
2 .24 ± 0
.531 2.74 ± 0.76 2 .49 ± 0.78a
LV massrheighl(giro) 87 ± 25 100 ± 31t
106 ± 30 118 ± 30t 116 ± 35 130 ± 43#
LV maadean body mass Ig)kgl
3 .2 ± 1 .2 3.6 ± 1.4 3 .9 ± 2.3 4.3 ± 1 .4 4.4 ± 2 .4 4 .4 ± 2.1
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Table 3. Hemodynamie Findings in Obese and Nonobcso Subjects
Statistical significance : obese versus lean ='p < 0.05 : Op < 0.00): 4p < 0005; §p < 0.01 .
pressures, with the exception of siightiy higher systolic
pressure among obese normotensive subjects, and similar
heart rates compared with nonobese subjects . Significantly
higher cardiac output (0 .001 < p < 0
.05) and significantly
lower total peripheral resistance (0.005 < p 0.05) were
present in each obese group. Indexation of cardiac output by
body surface area reduced this difference so that it was no
longer statistically significant . Fractional shortening was
significantly higher in obese than in nonobese normotensive
subjects but did not differ between obese and nonobese
hypertensive subjects. Fractional shortening as a percent of
that predicted for end-systolic stress was greater in Ityper-
tensive than in normotensive subjects and greater in obese
than in nonobese patients with borderline but not sustained
hypertension .
Unlvarlate correlates of left ventricular mass (Tables 4 to
7). For analysis of correlations between left ventricular
mass and other variables, obese and nonobese subjects were
pooled and body mass index used as a continuous variable
representing the degree of obesity . All studied variables
except race exhibited statistically significant univariate cor-
relations with left ventricular mass in the total population of
624 subjects (Table 4) . However, only systolic blood pres-
HAMMOND ET AL .
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Patients With Hypertension
Normotensive Subjems Borderline Sustained
Lean (n = 124) Obese (a -
38)
Leo
In
= 79) Obese
(n = 66) Lean In = 167) Obese (n - 130)
sure, height, weight and body mass index were significantly
correlated with left ventricular mass in each blood pressure
subgroup, although correlation between left ventricular mass
and age as well as potassium excretion failed to attain
statistical significance in any subgroup (Tables 5 to 7) .
Among all 162 normotensive subjects, weight, gender,
height and body mass index exhibited the strongest relations
with left ventricular mass, but age was not related to it at all
(r = 0 .03, p = NS) (Table 5) . Separate analysis of normo-
tensive women and men revealed that only weight, body
mass index and systolic blood pressure were significant
correlates of left ventricular mass in each group . Among
patients with borderline hypertension, weight, height and
body mass index were most closely correlated with left
ventricular mass ; no correlation was observed with age,
gender, race, diastolic blood pressure or 24 h urinary sodium
or potassium excretion (Table 6). Among patients with
borderline hypertension, only weight and body mass index
were significantly related to left ventricular mass in both men
and women . In the 317 patients with sustained hypertension,
weight, height, gender, 24 h urinary sodium excretion,
Table 5. Univaeiate Correlates of Left Ventricular Mass in
Normotensive Subjects
Table 4. Univariate Correlates of Left Ventricular Mass in the
Normotensire Normolensive
Total Population (N = 624) Trial Women Men
(n = 162) (n = 78) In = Ml
Statistical significance
: - p <
(1 .4003 : tp < 0.005. Values assigned to
gender: female = I, male - 2 .
Statistical significance: 'p <
0 .005 ;
tp 10,0001 ; 4p < 0.0005; §p < 0 .05 .
Systolic blood pressure Imo Hg)
]is
m
I I 12, 2 9' 139 2 I I 139 2 11 157 2 17 156 2 IS
Diastolic blood pressure (mm Hg) 75 8 17 2
6
84
2 7 9227 9928 IOOVa
Heart rate (beatslmin) 67 2 13
70 2 12 68 2 10 69210 69211 70212
Cardiac output (mllmin) 5.309 ± 1818 6,127 2 2112' 5 .777 2 1965 6.763 2 2538' 6,018 ± 1751 6,881 ± 24141
Cardiac index (mllmin per m)
2954 2 998 3(46 2 941 3144 *_ ID34 3445 2 1206 3264 2 095 3446 2 1162
Total peripheral resistance x Id (dynes cots') 1.49 2 0
.52
1 .32 2
043-
1 .61
2 5.66 1 .32 2 0 .413 1 .71 2 0.56 1 .56 2 0.571
Fractional shortening (%) 0 .35 2 0.05 0.37
' 0.05'
0.36 2 01I7
0 .37 0.36
._0
.57 0.35 0.06
Erd .systolic stress (dynes/cal' x 10) 64 .2 2 22 .4 59.D 2 11.0 69.7
^_ 26 .9
70.7 2
28.9
75.8 2 28
.5
78
.9
2
24 .5
Fractional shortening at % of predicted 98 2 13 100 , 9 104 *_ II 109 2 12' 110 0 14 111 2 15
Systolic blood pressure 0.39'
Diastolic blood pressure
0.34'
Age 0.18'
Height 0
.35'
Weight 0.49'
Body mass index 0 .30'
24 h urinary sodium 0.21'
24 h urinary potassium 0.120
Gender 0.35'
Race -0 .04
Systolic blood pressure 0.2 ' 0,26§ 0.23§
Diastolic blood pressure 8.25' 0.15 0.244
Age 0.03 0,18
0.01
Race
-0.06
-0 .07 -0.10
Height 0.471
0
.13
0.25§
Weighs 0.581
0
.460
0.507
Body mass index 0.34#
0 .440
0.384
24 h urinary s .s h rn 0.22' 0 .04 0.03
24 h urinary pmassiurn 0.12 0 .07 -0.03
Gender 0 .491 - -
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Table 6. Univariate Correlates of Left Ventricular Mass in
Patients With Borderline Hypertension
Statistical significance : 'p < 0.05 ; tp < 0.0005; fip < 0 .0001 :18 < 0.003.
systolic blood pressure and body mass index all exhibited
highly significant relations (p
< 0
.0001) with left ventricular
mass, whereas none were found with age or race (Table 7) .
Separate analysis of women and men with sustained hyper-
tension revealed tile: only weight, 24 h urinary sodium
excretion and body mass index were significant correlates of
left ventricular mass in both groups .
Interrelations among clinical and demographic variables
were also observed. Thus, weak but statistically significant
correlations were observed among the hypertensive patients
between 24 h urinary sodium excretion and left ventricular
mass index ( r = 0 .17, p < 0.0005), systolic blood pressure
(r = 0 . 11, p < 0.03) and diastolic blood pressure (r = 0.13, p
< 0.01) .
Multivariate prediction of left ventricular m m using dem-
ngraphic and clinical variables (Tables 8 to 11). to the entire
population of 624 adults, the following variables indepen-
dently predicted left ventricular mass in descending order of
statistical significance : body mass index, systolic blood
pressure, height, gender and age, with a multiple r = 0 .62
(Table 8) . Diastolic blood pressure, race and 24 h urinary
Table 7. Univariate Correlates of Left Ventricular Mass in
Patients With Sustained Hypertension
Once
V.I . 12, No. 4
October 1988 ;996-1004
Table 8 . Multivariate Prediction of Left Ventricular Mass
Based on Demographic and Clinical Variables : Total
Population (n = 624)
Variable Beta SE F Value p Value
Intercept -495 .23
Body mass index 4 .62 0.50 86 .25 0.17001
Systolic blood pressure 0.91 0.11 63.14 0.0001
Height
5 .51
0
.71 59.62 0.0001
Gender 21
.92
3,64
15.12 0.0111
Age 0 .52 0.21 6.27 0.0125
'Values assigned to gender: female = I, male = 2
.
sodium and potassium excretion failed to contribute signifi-
cantly to the predictive model . Among the entire group of
162 normotensive subjects, body mass index, height, gender
and systolic blood pressure each contributed independently
to prediction of left ventricular mass with a multiple r = 0.66
(Table 9). Separate analysis of normotensive women and
men revealed body mass index to be the strongest predictor
of left ventricular mass in each gender whereas additional
contributions to the predictive equations were made by age
among women and by height among men . Among the entire
group of 145 patients with borderline hypertension, body
mass index was the strongest statistically independent pre-
dictor of left ventricular mass, followed by age,height and
gender (Table 10) . Subdivision of borderline hypertensive
subjects by gender revealed that left ventricular mass was
predicted only by body mass index among women and by
body mass index, systolic blood pressure and height among
men. Among the 317 patients with established hypertension,
height was the strongest predictor of left ventricular mass
Table 9. Multivariate Prediction of Left Ventricular Mass in
Normotensive Subjects (n = 162)
Variables Bela SE F Value p Value
Total normolensive subjects
Intercept -327.31
Body mass index 4.11 0 .76 29.33 0.0001
Height 3.67 1 .03 12.77 0.0005
Gender 29 .06 8.52 11.63 0.0008
Systolic blood pressure 0 .75 0.30 6.49 0.0119
Multiple r = 0.66
women
Intercept -0 .72
Body mass 4dex 3 .81 0.86
19 .63
0.0001
Age 0 .77 0.32 5 .90 0.0177
Multiple r = 0 .51
Men
Intercept -289.15
Body mass Index 5 .65
1,29 19 .18 0.0(831
Height 4
.69 1
.35
12 .00 0.0009
Multiple r = 0.51
Total Patients Women Me .
(a=317) (n=93)
(n=22)
Systolic blood pressure
Diastolic blood pressure
Age
Race
Height
Weight
Body mass index
24 h urinary sodium
24 h urinary potassium
Gender
0 .22'
0 .17
0.09
-0.09
0.38*
0.44'
0.21'
0.28'
0.03
0.28'
0.12
0.14
0.10
-0.221
0.13
0.334
0.298
0.271
0.04
-
0.29'
0.157
0.12
-0.12
0
.30'
0.43'
0
.28'
0.211
-0.06
-
Statistical significance : 'p < 0.01101 : tp <
0
.05 ; #p < 0
.001 : 111, < 0 .005 ;
H p< 0
.01.
Total Patients
in =145)
Women
(n=52)
Men
(n=93)
Systolic blood pressure 0 .20' 0 .16 0.24'
Diastolic blood pressure -0 .01 -0 .00 -0.08
Age 0
.12 0.08 0.18
Race -0
.09
-0
.12
-0.10
Helghl
028) 0 .18 0.15
Weight 0.41) 8 .464 0.385
Body mass index 0 .24§
0 .418 0,31§
24 h urinary sodium
0 .10 0 .08 0
.16
24 h urinary potassium 0
.12 -0
.15 0.17
Gender 0 .12 - -
followed by body mass index and systolic blood pressure
(Table 11). Separate analysis in women and men with
established hypertension revealed body mass index and
height to be the only statistically independent predictors of
left ventricular mass in women, whereas height, systolic
blood pressure and body mass index each contributed
strongly (p < 0.0001) to the predictive equation among men .
Discussion
Factors related to left ventricular mass in Dormoteasive and
hypertensiveadutts
. The multivariate analyses in the present
study reveal strong, statistically independent associations
between echocardiographically determined left ventricular
muscle mass and body mass index, systolic blood pressure
and height in a large population of normotensive and hyper-
tensive employed adults. Male gender and increasing age
showed less strong an . less consistent relations with increas-
ing left ventricular mass after measures of body habitus and
systolic blood pressure had been taken into account in
multivariate analyses.
In univariate analyses, the strongest correlate of left
ventricular mass was body weight, as it was in each subpop-
ulation stratified according to blood pressure level, account-
ing for 17 to 33% of variability in left ventricular mass as
estimated by the coefficient of determination (r). This
appeared to represent a summation of the effects on body
size of height, which may be considered an index of "ideal"
body size (35), and body mass index, a widely used index of
obesity (14,)5,21,22) . Calculation of the coefficient
ofdeter-
mination would suggest that from 8 to 22% of variability in
left ventricular mass might be attributed to variation in
height and 5 to 19% attributed to variation in body mass
index in different subject groups . Less strong but statistically
highly significant correlations were observed in univariate
analyses between left ventricular mass and diastolic blood
pressure and 24 h urinary sodium excretion, although these
variables did not contribute significantly to multivariate
models for prediction of left ventricular mass .
Cnmparisaa with previons studies. These findings in a
large population of employed normotensive and hyperten-
sive adults both confirm and modify conclusions concerning
factors correlated with and potentially determining left Ven-
tricular muscle mass that have been derived from previous
studies in selected clinical as well as volunteer populations
(9-15,18,36-43) . Cross-sectional studies by several investi-
gators have revealed significant univariate relations between
left ventricular mass and body weight or body surface area
(9-It,19,40), systolic and diastolic arterial blood pressure
measured either clinically (15,18,41,42) or by ambulatory
recorder (12,13,37), increasing age (18,40,43), male gender
(9-11,20) and estimated dietary sodium consumption (17).
Support for the possibility that several of these variables
may be not merely correlates but actual determinants of left
ventricular mass has been provided by studies in which
changes in left ventricular mass in the expected direction
were induced by weight gain (38,39), blood pressure reduce
lion by restriction of dietary sodium or weight loss (16,36)
and treatment by antihypertensive medication, with a mod-
erate correlation (r = 0 .47) being observed between the
mean changes in blood pressure and left ventricular mass in
group data from 45 published trials (44) .
Although our univariate analyses tend to confirm these
previous observations, our multivariate analyses suggest
)ACC Vat. 12 . No. 4
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Table 10 . Multivariate Prediction of Left Ventricular Mass in
Patients With Borderline Hypertension (n = 145)
Table II .
Multivariate
Prediction of Left Ventricular Mass in
Patients With Sustained Hypertension In = 317)
Vatiables
Beta
SE F Val. p :-due Variables Beta SE
F S
alon
P Value
Total Patients
Imereept -314.72
runt patients
mtoceo -701 .98
Body mass index 4 .33 0.93 21 .72 0.0001 Height 8.88 0 .95 86.50 6 .0001
Age
132
042 9
.92 0.0070 Body mass index 4.97 0.88 32,06 0.0001
Height 4.05 1 .38 8.58
0.0640 Systolic blood preswre 1.14 0 .21 29.36 0 .0m1
Gender
26.87
1034 6.75
00104 Multiple r = 0.55
Multiple r = 0.50 Women
Intecept -182.31
Women
Body mau'mder 2.91 0 .90 10.40 0 .0018
Intercept 68.86
Height 4.33
1 .94
5.00 0 .0280
Body mass index 3.38 1 .08 9.89 0 .0028 Mnni,6, r = 0.39
Multiple r = 0.41 Men
Intercept -777 .42
Men Height 8 .64 1 .46
-34.94 0.0801
Intercept -419.80
Systolic blood pressure 1 .42 0.26
30.54 0.0061
Body mass index 4.79
1
.59 9 .09 00034
Body mass index
6.94 1 .32
27
.72 0 .0001
Systolic blood pressure 1 .49 0.53 7 .87 0 .0063 Multiple r = 0.54
Height 4.14 1 .77 5 .50 0.0214
Multiple r = 043
1002
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that several of the aforementioned variables only appear to
be associated with left ventricular mass because of covaria-
bility with actual determinants of left ventricular mass, or
exhibit associations with left ventricular mass that are so
weak and inconsistent as to be practically negligible despite
statistical significance. Variables falling into this category
include diastolic blood pressure, dietary sodium intake and
age . Although these negative observations are new, they are
not entirely surprising in light of previous data . Thus, left
ventricular mass has been more closely correlated with
systolic than with diastolic arterial pressure in most previous
studies (10,13,41), and the study of Ferram et al . (16)
suggested that the effect of dietary sodium intake on left
ventricular mass was mediated at least in part by effects on
blood pressure . Similarly, our failure to find consistent
relations between left ventricular mass and age in a popula-
tion most of whose members were <70 years is similar to
results of previous studies of ventricular dimensions or mass
in adults in this age range (9,45),
but differs from results in
populations heavily composed
of even older subjects
(10,18,43). Although race did not contribute to prediction of
left ventricular mass in our primary multivariate analyses, in
supplemental analyses in which interaction terms were al-
lowed to enter, an interaction between black race and
obesity was a significant predictor (F = 11 .50, p = 0 .01)07) .
This result and the finding by Messerli et al . (15) that the
interaction between race and obesity was significantly re-
lated to left ventricular mass may provide an explanation for
the discordance between previous reports of a high preva-
lence of left ventricular hypertrophy in black hypertensive
populations in which obesity was common (46,47) and con-
trasting results among black hypertensive subjects with a
low prevalence of obesity (48).
Role of obesity . The results of the present study have
potentially important implications for understanding the
pathophysiology of left ventricular hypertrophy . The obesity
or leanness of eur study subjects, as measured by body mass
index, was the closest correlate of left ventricular muscle
mass in multivariate analyses, both in the entire population
and in normotensi ve and borderline hypertensive subgroups .
This result is consistent with the hypothesis that expansion
of blood volume svsociated with mild to moderate obesity
induces mild ventricular hypertrophy independently of the
effect of obesity on blood pressure . This is in accordance
with predictions based on the association of somewhat
greater hypertrophy with marked obesity in studies by
Messerli et al
. (14,15) and the report by Alexander et al . (49)
that roentgenographic heart size was sir'iilar in normotensive
and hypertensive individuals with morbid obesity .
It is tempting to link the present observations with data
indicating that even mild echocardiogmphically detectable
left ventricular hypertrophy is associated with an increased
risk of cardiovascular morbidity
(4,5) and to speculate that
obesity-induced left ventricular hypertrophy may contribute
to the increased mortality associated with obesity indepen-
dently of known risk factors (50-52). However, indexes of
left ventricular systolic performance and contractile function
in obese subjects were similar to or even higher than those
observed in nonobese subjects, indicating an absence of
even subtle ventricular dysfunction at the time of study .
Longitudinal studies are needed to determine whether left
ventricular hypertrophy due to obesity in fact represents a
prognostically important clinical abnormality .
Role of blood pressure . The contribution of systolic blood
pressure to left ventricular mass was slightly less than that of
obesity
. This may represent an underestimation of the effect
of blood pressure due to limitations in the representativeness
of clinical blood pressure measurements even when made
under carefully standardized conditions as in the present
study
. The correlation between blood pressure and left
ventricular muscle mass is closer when blood pressure is
measured during normal activity by portable recorder
(12,13,37). Unfortunately, the technical difficulty of ambula-
tory blood pressure monitoring has to date precluded use of
this method in a large representative population sample also
studied by echocardiography .
Role of gender and age. The contribution of other factors
appeared less important . The importance of the strongest of
these, male gender, may have been somewhat underesti-
mated in the multiple regression analysis because of the
strong relation between male gender and increased height,
one of the most important contributors to the model for
multivariate prediction of left ventricular mass
. Age made
little contribution, similar to our previous observation and
the results of some but not other investigators (9-11,40,45) .
However, this might be either an under- or an overestima-
tion of the true contribution, because age-related increases
in left ventricular mass in normotensive or hypertensive
populations might predispose them to complications that
would result in their exclusion from the employed population
without complications or, conversely, the very weak trend
we observed might reflect the development of mild left
ventricular hypertrophy as a feature of preclinical heart
disease in older subjects rather than an effect of age in itself .
Dietary sodium and potassium . This factor appeared to be
only weakly related to left ventricular muscle mass in the
present population . The modest but highly significant corre-
lation we observed in the entire population (Table 4) was
partially attributable to a tendency for larger individuals to
have greater sodium intake and higher left ventricular mass,
as the correlation coefficient was reduced to 0
.11 by adjust-
ment of both variables for body size
. The small magnitude of
this effect and a similarly weak but statistically significant
relation between 24 h urinary sodium and systolic blood
pressure (r = 0
.11) are compatible with the results of
previous clinical and epidemiologic studies (53,54), but sug-
gest that dietary sodium intake within the range usual in
IACC Vol. 12, No. 4
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urban America is not a primary determinant of cardiac status
in normotensive or hypertensive adults .
Implications for detection of left ventricular hypertrophy .
Our findings and data from Framingham recently reported by
Levy et al. (18) also have implications for the way that
echocardiographic measurements of left ventricular muscle
mass are used to detect left ventricular hypertrophy . First,
the greater variance in left ventricular mass index among
obese compared with nonobese normotensive individuals
resulted in approximate upper 95% confidence limits (mean
+2 SD) that were higher in obese subjects, by 15 g/m 2 in
women and
19 gum2 in men. This difference probably ac-
counts in part for gender-specific upper normal limits for left
ventricular mass index proposed from the Framingham
study (10), based on echocardiographic evaluation of lean
nonnotensive subjects, being 3 to 10 gram'- lower than those
previously proposed from Cornell (9), based on study of
clinically normal adults without use of any weight restric-
tion. Second, the important contribution of obesity to left
ventricular mass and the possibility that this constitutes an
abnormal rather than a "physiologic" finding raises ques-
tions about whether criteria for detection of left ventricular
hypertrophy should index left ventricular mass for body
surface area. The present data would suggest that this
practice remains desirable if the goal of evaluation is to
determine whether left ventricular hypertrophy due to de-
fitted cardiovascular diseases (e.g., hypertension or valvular
heart disease) is present. If, however, further study reveals
obesity-induced left ventricular hypertrophy to be a
prognostically important abnormality, application of criteria
based on left ventricular mass index to obese individuals will
be undesirable as it will tend to erroneously label some
instances of such hypertrophy as normal . On the basis of
studies of the normalization of other cardiovascular varia-
bles it is likely that indexation by "ideal" body surface area
derived from observed height and ideal weight for that height
would be optimal (35). It is possible, however, that the
simpler approach of indexing left ventricular mass for height,
shown to differentiate obese from nonobese subjects in each
blood pressure group, may prove equally suitable (11).
We thank Daniel Levy, MD . From, H. Messedi, MD, Mark Peck., MD and
Daniel D . Savage, MD . PhD for their critical reading of this manuscript and
Virginia Burns for her assistance in its preparation .
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